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(57) Abstract: The invention reJ arcs io n sensor system for detecting the angle of rotation and/or the torque of rotating mechanical 
components (1). The rotating component comprises a torsion shaft which is configured as an external shaft (3). A torque is applied 
w one region (2) at the end of said shaft and can be removed in the region (3) at the opposite front end of the shaft. An internal shaft 
(7) L; positioned concentrically in relation to the externa) shaft (3) and one end of the internal shaft is connected to (he external shaft 
(3) in the region (2) of the entry point of the torque. The tram end of the external shaft p) and the internal shaft (7) are preferably 
provided with magnets (8. 10) with magnetic fields which lie io a radial direction hi relation to the shaft axis, to which a respective 
fixed sensor is allocated. The relative torsion of the magnetic fields in relation to each other can he measured under the effects of the 
torque, the angle of torsion being proportional to the torque angle. 
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Sensor arrangement for detecting an angle of rotation and/or torque 
Prior Art 

The invention relates to a sensor arrangement for detecting an angle of rotation and/or 
torque, in particular on axles or shafts, according to the preamble of the main claim. - 

A sensor arrangement is already known from US-PS 5,5 10, 1 10 in which the torque 
transferred to an axle is to be detected. The torque is determined from the torsional 
offset or the rotational angle offset of the axle ends and an elastic constant, which 
depends on the material and the geometry of the axle. Here two magnets and one Hall 
sensor adjacent to the magnets respectively, are fixed eccentrically on the external 
periphery of two discs each rotating with the axle. 

For example for detecting the torque acting on a steering wheel axle of a vehicle 
during the turning of the steering wheel, very small angle changes must be measured 
in both rotational directions of the steering wheeL The torque in the rotating steering 
column is a key factor for many regulating and control tasks in the vehicle and can be 
detected in principle for known types viewed separately. For example this can also be 
constructed with a sensor arrangement according to the Foucault principle or with an 
optical arrangement consisting of a encoder disc and a CCD-chip. 

In sensor arrangements according to the principle known from prior art and named 
above, the danger exists, that by means of a rotational modulation which come about 
due to tolerance problems in the arrangement of the poles of the magnets, relatively 
large measurement errors can occur. Moreover, signal transmission can also be 
difficult in signal detection in rotating waves, which can be loosened after use with a 
variable transformer or with slip rings, but is cost intensive and susceptible to faults. 
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Advantages of the invention 



The generic sensor arrangement mentioned in the preamble for detecting the 
rotational angle and/or the torque on rotating mechanical components is further 
developed advantageously according to Claim 1 in that a torsion shaft is constructed 
as the external shaft on the end of which torque acts. The torque can then be removed 
at the opposite front end of the external shaft, an internal shaft lying concentric to the 
external shaft, and is connected at one end to the external shaft in the area of the entry 
shaft in the area of the entry point of the torque. On the front end of the external shaft 
and the internal shaft are, according to the invention, signal generating elements to 
which a fixed detection element is allocated. 



In a preferred embodiment a magnet is arranged as a signal generating element to the 
internal shaft for detecting the angle of rotation on the torque entry point and 
generates a radial magnetic field, which lies in a radial direction with relation to the 
shaft axis. A further magnet as a signal-generating element on the external shaft is 
arranged advantageously concentrically to the internal shaft outside the one magnet 
for detecting the angle of rotation of the exit point. By this means a further radial 
magnetic field is generated, so that now, by means of the effect of the angle of 
rotation the torsion of the magnetic fields can be measured relative to one another, the 
angle of torsion being proportional to the torque. 

The detection elements or sensors can simply be magnetoresistive sensors, for 
example so-called AMR or GMR sensors (AMR = anisotropic magnetoresistive, 
GMR = giant magnetoresistive), which emit an independent signal largely from the 
field line direction of magnets connected to the rotatable shafts and is so arranged in 
the magnetic field of the magnets, that their magnetic field sensitive layer lies 
tangential to the rotating of the shafts causing the change of angle. 

In an advantageous evaluation circuit, from these signals the absolute rotational angle 
of the internal and external shaft and, as mentioned above, from the relative angle of 
torsion the influencing torque can be determined. An especially advantageous 
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application of the invention results when the internal and the external shaft are applied 
to the steering column of a vehicle. 

It is also advantageous if, on the front end of the external shaft, a drive for a further 
rotating component is applied eccentrically or concentrically to the shaft axis. By this 
means rotations of the external shaft or of the steering column greater than 360° can 
be detected and evaluated, the detection of the rotation of the further body also with a 
magnetic field sensitive sensor arrangement can be carried out. The required drive 
can be a toothed gear drive, in which the number of teeth on the periphery of the 
further body differs from the number of teeth on the external shaft and thus a clear 
signal for a full rotation is available. 

In summary, a host of advantages for the sensor arrangement of the invention with a 
concentric angle measurement on the shafts in particular through the placing of the 
magnetic central point and the sensor elements on the shaft axis result. With the two 
measurements of the respective magnetic field directions an error monitoring of the 
angle of the rotating component is possible, eg. a steering wheel on the basis of a 
comparison of both the magnetic field direction measurements. 

Also used in vehicles the evaluation electronics can be modular-constructed in a 
compact housing, as a contact-free measurement of torque and steering wheel angle 
(>360°) is possible without additional friction torque. Thus an enclosed housing can 
be constructed, which is insensitive to moisture and makes possible a simple 
exchange of the sensor housing with the electronics. 

The angle measurement, which can be carried out with the sensor arrangement of the 
invention can be carried out with a multiplicity of preferably contacdess measurement 
procedures and is not limited to magnetic field direction measurement. The 
measurement can be carried out on many rotating components, eg. with an application 
in vehicles also on the steering gear in the passenger compartment, on the differential 
or on an engine shaft, for example to outputting the steering wheel angle, the wheel 
angle, the angular velocity, the angular acceleration and the torque. 
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These and other characteristics of preferred further developments of the invention are 
listed in the claims, the description and the drawings, whereby the individual 
characteristics are realised individually or in sub-combinations of the invention and in 
other areas and can represent advantageous and separate patentable designs, for which 
protection is claimed here. 



Drawing 

Embodiments of the sensor arrangement of the invention are described on the basis of 
the drawing. Shown are: 

Figure 1 a section through a steering gear for a vehicle with a sensor 

arrangement for detecting torque acting on the rotating components 
and 

Figure 2 a part sectional view of the front end of an internal and external shaft 
of the steering gear with an additional detection of full rotations of a 
steering column. 

Description of the embodiment 

In Figure 1 a steering gear 1 is shown in schematic view, which can be acted upon 
(torque entry) with a torque-effected steering movement. In the steering gear 1 is an 
external shaft 3, which features a torsional area 4 and a connecting piece 5 for a 
transferral of the rotational movement to a tie rod 6, whereby on this connecting piece 
the torque from the steering movement is further transferred with a corresponding 
gear (torque exit). 

In the steering gear 1 there is, according to Figure 1 , also an internal shaft 7, which is 
fixed to the connecting piece 2 (torque entry). On the front end of the internal shaft 7 
is a magnet 8, in whose radial magnetic field a magnetic field sensitive sensor 9> for 



-6- 



WOO 1/40750 PCT/DEOO/04117 

5 

example an AMR sensor, is arranged. In the front face bend of the external shaft 3 is 
a magnet, whose radial [original incomplete - translator] is detected by a second 
sensor 11. 

The sensors 9 and 1 1 are connected to an electronic evaluation circuit 12, in which 
signals, dependent on the direction of the magnetic fields and thus on the rotation 
position of the sensors 9 and 1 1 can be detected and to some extent evaluated. There 
is no need to go into further detail here into the individual components and their 
functions in the evaluation circuit 12 for an understanding of the invention. The 
output signals of the evaluation circuit 12 are made available by means of an electric 
plug-socket connection 13 for connection to the motor vehicle electronics system. 

In a steering movement carried out on the steering gear 1 according to Figure I a 
torsional angle (torsional angle of the external shaft) is produced by means of 
application of torque to the area of the external shaft 3, which lies on the connecting 
piece 2 (torque entry) and the area 5, which lies on the other front end (torque exit). 
The magnet 10 of the external shaft 3 is, then, rotated to the same extent as the area 5 
of the external shaft on the so-called torque exit The internal shaft 7 and the magnet 
8 of the internal shaft 7 is, however, turned to the same extent as the area 2 of the 
external shaft 3 on the so-called torque input. Thus the two magnets 8 and 10 and 
their magnetic fields turn with respect to one another and the corresponding torsional 
angle can be detected. This angle of rotation of the magnetic fields on the place of the 
magnetic field measurement on the sensors 9 and 1 1 is proportional to the torsional 
angle to the angle of rotation of the external shaft 3 and thus to the torque. 

In Figure 2 an extension of the steering gear 1 is shown according to Figure I with the 
additional drive of a rotating component 14. Over another toothed rim 15 on the front 
end of the external shaft 3 and over a corresponding toothed gear 15 on the additional 
component 14 a rotation of a third magnet 16 with it is effected, which can also be 
detected by means of a magnetic field sensitive sensor 17. The measurement 
principle and the evaluation thus preferably corresponds to the way the sensors 9 and 
1 1 of Figure 1 work. With this arrangement it is possible according to Figure 2, by 
means of a different number of teeth of the two toothed rims 15, to carry out a clear 
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detection and counting of full rotations of the steering column connected to the 
connection piece 2. 
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Patent Claims 



1 . Sensor arrangement for detecting the rotational angle and/or the torque on 
rotating mechanical components (3,7; 14), with 

- signal generating elements (8, 10; 1 6) and signal detection elements (9, 11 ; 17), 
the signal generating elements (8, 10; 16) being secured to the moved 
mechanical components (3 ,7; 14), characterised in that 

- on the rotating component a torsion shaft is formed as an external shaft (3), 
on the area (2) of which torque acts and in the area (5) of the front other end, 
the torque can be removed, an internal shaft (7) being arranged concentric to 
the external shaft (3), which is connected by its end to the external shaft (3) in 
the area (2) of the entry of the torque and that 

- on the front end of the external shaft (3) and the internal shaft (7) the signal 
generating elements (8, 10) are arranged, to which a fixed signal detection 
element (9,1 1; 17) is allocated. 

2 Sensor arrangement according to Claim 1, with 

- at least one magnet (8,10; 16) as signal generating elements and at least one 
sensor (9, 11 ; 17) as signal detection element (9, 1 1 ; 17), which emits an electric 
output signal dependent on the direction of the field lines of the magnet 
(8,10; 16), characterised in that, 

- on the front end of the external shaft (3) and the internal shaft (7) the magnets 
(8, 10) are arranged with radially directed magnetic fields, to which one fixed 
magnetic field sensitive sensor (9,1 1;17), preferably on the shaft axis, is 
respectively allocated. 

3. Sensor arrangement according to Claim 2, characterised in that 
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- the one magnet (8) on the internal shaft (7) for detecting the rotational angle 
of the area (2) at the entry of the torque a radial magnetic field is'produced 
and the other magnet ( 10) is arranged on the external shaft (3) for detecting 
the rotational angle in the area (5) of the exit of the torque outside the first 
magnet (8) and a further radial magnetic field is generated and that 

- under the influence of the torque the twisting of the magnetic fields can be 
measured relative to one another, the torsional angle being proportional to the 
torque. 



4. Sensor arrangement according to one of the preceding claims, characterised in that 

- a drive ( 1 5) for a further rotating component ( 14) is positioned on the front 
end of the external shaft (3), with the rotations of the shaft (3, 7) being 
detectable greater than 360°. 

5. Sensor arrangement according to Claim 4. characterised in that 

- the detection of the rotation of the further component (14) can also be 
undertaken with a magnetic field sensitive sensor device (16,17). 

6. Sensor arrangement according to Claim 4 or 5, characterised in that 

- the drive is a toothed gear drive ( 15) in which the number of teeth on the rim 
of the further component (14) differs from the number of teeth on the external 
shaft (3). 

7. Sensor arrangement according to one of the preceding claims, characterised in that 

- the sensors (9, 1 1 ; 17) are magnetorcsistive sensors, which are arranged in the 
magnetic field of the magnets (8, 10; 16) in such a way that their magnetic 
field sensitive layer lies tangential to the rotating of the shafts (3,7; 14) 
causing the change of angle. 

8. Sensor arrangement according to Claim 7, characterised in that the sensors 

(9. 10; 17) are magnetoresistive AMR or GMR sensors, which emit a signal largely 
dependent on the field line direction of the magnets (8,10; 16) connected to the 
rotatable shafts (3 ,7; 14) and that 
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- in an evaluation circuit ( 1 2) from these signals the absolute rotational angle of 
the internal and external shafts (3,7) and from the relative torsional angle the 
acting torque can be determined. 

9. Sensor arrangement according to one of the preceding claims, characterised in that 

- the internal and external shafts (3,7) are connected to the steering column of a 



10. Sensor arrangement according to one of the preceding claims, characterised in that 
- the internal and external shafts (3,7) are integrated in the axis of a motor. 



vehicle. 
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